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SCALING METHOD AND APPARATUS FOR DISPLAYING SIGNALS 
BACKGROUND 

[0001] The present invention relates to signal display 
systems. More specifically, the present invention 
relates to the method and apparatus for displaying signal 
waveforms of data transmissions. 
[0002] Traditionally, in optical digital communication 
systems, non-return-to-zero (NRZ) modulated signals have 
been used at rates as fast as ten Gbs (Giga bits per 
second) . However, as the speeds and distances for 
optical transmissions increase, return-to-zero (RZ) 
modulated signals become more desirable for various 
reasons. NRZ modulated signals are digital signals in 
which each binary value (a low or a high state 
represented by a zero (0) and one (1), respectively) are 
transmitted by. a specific and constant direct-current 
(DC) voltage. RZ modulated signals are digital signals 
that, at each bit, or bit period, the value of the signal 
returns to zero. Figure 1 illustrates a sample signal 
bit sequence "10110" sent modulated as an NRZ signal 10 
and also as an RZ signal 12. A clock signal 14 is also 
illustrated, the clock signal dictating the period of 
each bit of the signals. Note that, unlike the NRZ 
modulated , signal 10, the RZ modulated signal 12 
represents a digital value "1" with a combination of high 
DC voltage, Vhigh, for a high portion 16 (having a first 
duration) of a period and a low DC voltage, V^ow, for a 
low portion 18 (having a second duration) of the period. 

The RZ modulated signal 10 has a duty cycle defined as a 
ratio of the first duration 16 to one bit period. For 
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the purposes of illustration only, the signals 10 and 12 
are illustrated as square waves. 
[0003] Both the NRZ modulated and RZ modulated signals are 
analyzed, in part, by displaying the waveforms of the 
signal on an oscilloscope (-scope"), and in particular 
multivalue waveform display format. For example, test 
equipment receives an input signal (NRZ modulated or RZ 
modulated) and automatically scales ("autoscale' ) the 
scope to show a multiple the waveforms (bits) of the 
input signal. To automatically scale the scope, the test 
S equipment determines a range of signal strength values, 

" ° typically in volts. This range is usually displayed as 

H the Y-axis on the display. Further, the test equipment 

S determines the period of a bit, the bit period, of the 

f input signal. The period is typically measured rn un.ts 

U of fractional seconds such as a picosecond (ps) . Then, 

O the measured period is used to display one or more brts 

• of the input signal. 

O 100041 Figure 2A illustrates a sample multivalue format 

display of an NRZ modulated input signal in an eye- 
diagram 11 format. In the eye-diagram 11, multiple bits 
(Vs and O's) are overlaid; this is illustrated us.ng 
thic. gray lines. The Y-axis displays the voltage 
ranging from V.„„ to V„.oh. For autoscaling purposes, the 
voltage range is easily measurable from the input signal. 

AS for determining the bit period to autoscale the X- 
axis, techniques exist to determine the bit period for 
NRZ modulated input signals. For example, some 
techniques detect subsequent NRZ transition periods to 
determine the bit period. However, such techniques for 
autoscaling the NRZ modulated signals are not well su.ted 
for RZ modulated input signals. For example. Figure 
illustrates a sample multivalue format display 13 of an 
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13 does not include NRZ transition periods rat.er 

1 n -inrludes zero spaces at eacn uj. 

r.r rr..-r i,"r.... 

threshold, Vthres- . ^^+-v,ori<:; 

-, existing NRZ autoscaling methods 

e ir;:: ::: : sri;;; si^ixs. ..e.e is . n... ... 

rlZ:::. ap^a^t^s to autosca^e inco.in. KZ .oduiated 
S signals for displaying on test equipment. 

9 ■ 

J H= are met by the present invention. 

Q 10006] These needs are met y indention, a 

* According to one aspect of the P«-"^ ..^closed. 

£ rr r. cr^z"/r.r 

. .... rr .;r'.:.".» ». 
r.:: ;:.r:;:::t = - rr. 

^ H Finally, the input signal is 

:rii;::rrcaicrted:it penod as the .sis 

.000,r^ ^ro^dlng to another aspect of the 

apparatus for displaying an J t-^::,,. 

The apparatus includes a processo ^^^^^^^^ 
connected to the processor. The ^^o g 

= for the processor to sample the input 

signfl :sing the calculated .it period as the basrs for a 
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asoects and advantages of the present 
10008, Other a pects a ^^^^ 

invention «.U ^-""^^ conjunction with the 

retailed descrrp r ta n^^^^^^ 
accompanying drawings, 
principles of the invention. 

— °^ Tj::rn-to-.ero 
,000,1 ngure 1 ---^-^^JirrL .a., modulated 
modulated signal and a retur 

,OO.or"".:.^e iliustrates an e.e diagram as a multival.e 

^■F =n NRZ -modulated signal; 

[0013] Figures 4A to 

configurations; ana ^^^^^^^ iii^.trating an 

'"""Urrr^: ILordan/e with one embodiment of the 
present invention. 

DETAILED DESCRIPTION 

V. wn in the drawings for purposes of 
,0015] AS ,_,,,on is embodied in a 

illustration, the presem^ testing 
Of and apparatus (for ^^^^^l, C"lnput 
equipment, for displaying an -™ 
. 1", bv automatically scaling tne 

■ the bit period, or frequency, of the incoming 
determining the bit per ' ^^^^^ ^ ,,,,, ,tep 

Signal, m summary, the -^"^pied signal is searched 
of sampling the signal. The sa P ^^^^ ^^^^^ 

for a zero space pattern. Then, a 
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the calculated bit per.od as the one 

,00X6, A flowchart 20 of ^^l^^^J' ^^^, ,„.ention. 

- rrTnp :inal Is sampled. ..i. 

Referring to Fxgure 3A, an xnp 

3tep is h d for zero space 

^^"C X a irst .ero space is located 
patterns. Step 30. Then, ^^^^^ ^ ^^^^^^ 

within the input srgnal. Step 
■ space is located wltUin the rnput signal- J ^^^^^^^^^ 

locations of the two zero spaces are 

•„H of the input signal. step 
the bit perrod of the P ^^^^^^^ .^p^, 

calculated bit perrod xs us ,,,,3trates the 

signal. Step 92. Figures 3B to 3 
IXowchart 20 6f Figure 3A in .ore detarl. 

sampling the Input Signal ^^^^ 3^ 

lOOni Referring to Figure ' comprising a 

. ,u.strated using dashed ox of Frg 

3tep of ^""^^^^""V onal is' introduced to the testing 
assume that the ^^'^^^ ^^^^^^^^J^^ Then, the 

equipment at some mrtxal beginning at some 

testing ---^ represents a segment 

Offset, ToFFSET, from lo referred to as the 

Of the incoming Signal - ^g^ent^xs^^ ^^^^^^ 

sampled signal. An 

predetermined PJ"°^ ^ of samples are ta.en 

picoseconds ,,,t is a multiple of 

from ToFFSET for a aui ^ f 3 000 samples are 

qten 26. For example, if -^'^^^ 

the scale. Step samples 

taKen, for a duration of ten times the T^., 



MTOHNE. DOCKET «U«BER 100106|4-1 
PATENT Express Mail Label. EK yioo 

n o-F 6 67e-3 PS that is calculated 
are taken at intervals of 6.67e 3 p 

T_= (2PS*10) /3,000 
Searcn For a Zero Space Pattern ^^^^^^ 

through 4D. Reterri y ^te zero space pattern. 

E-xgures 4B and 4C incomplete zero space 

^^r; n iX-Late. ano..e. sample. .i.nal 

fid Here tie sampled signal Bid .as a complete^.e.o 

: Tat^l^n as Illustrated. ^ 

general, mav -J^-^rnVor more' complete zero 

incomplete zero space pattern^, ^^^^^^ of complete and 



space patterns, or = illustrates a 

incomplete zero space patterns. ^-9"- 
sampled signal 31e having two complete 

patterns. or i f a zero space is not 

^0019, referring again to ^-"^^ '^^^^^^^ , J 32, , then 

— r:r;::t:d . rappiicaMut. o. »kz 

the sample signal rs teste decision Step 34. 

modulated 3i-- --=";;rtr :KZ modulated signal 
The test for applrcabrlrty of ^^^^^^^^ 

autoscallng methods is known rn ^^^J ' ^^^^^.^^ 
such test involves locating tw u ^^^^^^^ 

.egions in an eye --"-^^ „™.ers 17 and 

illustrated by Figure 2R usrng 

19. When these two regions are detected, P 
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. , for the purposes of autoscaling. Is the 
the mz signal, for P P ^^^^^ 

distance, in the temporal scale, 

regions. a„tosoaling methods are 

" r Thlrtr;: 31::; =...a: autoscaimg 
applicable, then the ^^^^^^^^^ 

techniques are use Various 
displaying the input ,,,,3cale and display 

.echnigues are -J^^/Z^.^^.^^ted in instruments 

.KZ modulated /_„,.ation .nalyzer .y 

such as Ag.len 83480^ Dig ^^^^^^^ ^^^^^^^ 

Agilent Technologies, Inc. an 

sampling oscilloscope hy ^^^"^^^J^^^^^ are 
,00,,, If the .KZ modulated signal tos a ^^^g^ ^^^^^ _ 
not applicable, then the scale 

samples taKen with the J^d "st the scale, 
te"an":e i eated by 50 percent. .or 
the current -^^ -"J^^^,^, is increased from 

example, if the current _ ,f the 

two picoseconds to ^'"-J , Umit, then 

adjusted scale is equal to or gr 
the autoscale operation terminates. Step 

..cate a rirst -J ^P-;^^ 3ample signal at 

,002n It a zero space is ^ ^^^^^^^ 

decision 3teP 32, then ^^^^ 

t.e 3a.P----;^ ..tail in .igure 30 
of Figure 3A is ill ^^^^^^^^^ 

and is time scale are adjusted 

to Figure 3C, the orr ^^.^^le if the sampled 

qi-po 52. For example, xj- 

if necessary. adjustments 

3ignal had only incomplete zero spa« ^^^^^^^^^ 

the Offset, time scale, bot ^^^^^^ 

the adjustments are made, then tn 
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sampled. cianal is searched for a 

T.e .a.pxe. ,o. .e-sa.pXe., ^s..na^^_ ^^^^^ ^^^^ 

.pace ^^^-^^ ^„„3,,,o„ X, and the second 

trans.t.onx. The ^^^^ ^^^^^ 

transition txme X. o£ t ^^^^ ^^^^^ 

UXusttated in n,«e .B. « ^^^^ ^^^^^ ^^.^^^^^ 

found, decision step 56, then 

and the input si.nai is sampled a,a n step 
example, the ti.e scale can be -";;;^%7 ,,/,,,,,,ed 
Then, the steps 54 and 56 ate repeated If 
ti.e scale is e.ual to or greater ^ _ 

autoscale operation ^^^^^^ ..,nal 

first transxtxon, X. - "'^J the first 

..re than a Z.s^,, value, V™,., 

transition, Xi, but les transition, Xu 

after the first -"^^^.^rwin, the offset. The 
the first such ^-nsr^ ^^^^^ i„p.t signal 

\:::t:e :h :ih Id value, V_, before the second 

::a::;r ^ut .or th . t. - - 
-::trftsrs:ct\::nsi;ionfoi.o.n.th^ 

transition, Xi. 

locate a Second Zero Space ^^^^^^ 

" the sa.pled sl^nal IS 

signal at decision step 

searched for a second .etail 
The step 70 of Figure 3A ^.^ connector 

■ - ngrrtn : :Zl- .or re-sa™pled, 

::gn:r:rre:rrherf:r the second .ero space. Step 
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^ ,^rn soace is defined by a third 
Tf found, the second zero space i . v The 

X and an fourth transition txme X4. The 
transxt.on, X3, and a ^^^^^ ^^^^^ 

third trans.txon, ^3,^s w ^^^^^^ ^^.^^ 

^v-c» -i-han a threshold value, vthres/ 

;•„:::.:::•... » .... - --rir tr.::;:- 

is the first sucn where value 

V The fourth transition, X„ is wner 
transition, X.. The f threshold value, 

,f the input signal is less th 

before the fourth transition, X„ but n.o 
V™,Es, befo ^^^^^^ transition, X„ 

threshold value, v™..s, ^.^^^ ^^^^ 

the fourth transition, X., being 

transition following the "JJ--; ^^.^.^^ ^tep 

WS, Xf the second .ero space i^^^ not fou ^ ,^ ^^^^^ ^^^^^^ 

X!' r "r ^rt P . or e.a.ple, the ti.e scale . 

Xsampled again. Step 

=^""^::r virx^^e::^ sea. is e,uai to 

''"3:t n a l l .decision step 80,. then the 
or great^ than a ^^^^^ 

i.,.t -x^;--r:,:-::ris:^^^^^^ bit penod is 

zero space on^y space, for X. - X.. 

.et as the ^^^^' ^l^, 3et at so.e multiple of 
Then, the ti.e V« ^ ^ ^ ^^^^^ ,,3 bit period 
the but period, f exampi 
when displaying the \put signal. 

, . ^he Bit PeriXnd Display tiie Input Signal 
calculate the Bit ^ ^^^p,, 

^0026, If the second zero spaWs fo ^^^^^^^^^^ 
Signal at decision -^X^n, the ti.e scale 

^^:^i°s set'at so.e multiple \the but period, for 
^ \: 15 times the bit perio^^en displaying the 
example, 1.5 tim cotolete period is 

input signal to ensure that «>P 
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displayed. Step 92. 




Appa-is^^tus and Medium 
,00271 llgure 5 illustrates an apparatus 61 according to 
' Le aJodi.ent of the present Invention. — -^-"J 
61 induces a processor 64 and storage 66 connected to 
the processor 64. Also connected to the processor 64 rs ■ 
a display 68. The storage 66 includes instrUctrons for 
a display o . ^ i-Hp oresent inventive 

the processor to implement the present 
technique including instructions for the processor 61 to 
■ 1 . f o search for a zero space 
sample the input signal; to search 

pattern in the sampled signal; to loca e a 
space; to locate a second zero space, followxng the frrst 
zero space; to calculate bit period of the input srgnal 
and to display the input signal using the calculated brt 
period as the basis, for a sca^e ^^^^^^^^ 
[0028] The storage 66 is typxcaliy 

Ldium such as a .agnatic disc, optical dxsc, read only 
Zlry (ROM,, random access memory (BAM). >^arddrive, 
compact disc (CO, . flash memory, and solid state memory. 
t002, Although specific embodiments of the -ventron av 

been described and illustrated, the - ""^J;^ 

be limited to the specific forms or arrangements of parts 
,„ described and illustrated. The invention is limited 
only by the claims. 
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